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@ Low-frequency sound generator. 

® A low-frequency sound generator for generating in- 
tense sound. 

It comprises a resonator (10). Pressurized gas is sup- 
plied to the resonator as pulses through a feeder (13). The 
sound generator comprises means for positive feedback 
of the sound pressure in the resonator to the feeder at a 
predetermined resonance frequency of the resonator but 
not at other frequencies- 
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LOW-FREQUENCY SOUND GENERATOR 

The invention relates to a low-frequency sound & 
generator for generating sound of a maximum frequency 
5 of about 50 cps. 

The low-frequency sound generator according to 
the invention is of the type comprising an open 
resonator and a feeder for valve-controlled supply 
of pressurized gas pulses, usually pressurized air 
10 pulses, to the resonator. 

It has been found that the results in sooting or 
cleaning of boilers, furnaces and processing appar- 
atuses by means of sound can be considerably improved 
by using intense pulses or vibrations of these low 
IS frequences, but no suitable device of industrial 
utility has been available so far. 

The invention supplies this demand by a low- 
-frequency sound generator of the type referred to 
above for generating intense sound of low frequency, 
20 which has obtained the characteristics according to 
claim 1. 

Accordingly, the Invention is based on the fact 
that pressurized gas pulses in the resonator are 
controlled by the frequency of the generated sound. 
25 There is thus provided a feed-back system in which the 
supply of pressurized gas is brought to follow the 
variations of the sound frequency. 

In order to illustrate the invention embodiments 
thereof will be described in *nore detail below with 
30 reference to the accompanying drawings, in which 

FIG. 1 Is a diagrammatic side view of a sound 
generator according to the invention, 
FIG. 2 Is an enlarged view of the feeder proper 
in a rest position, 
35 FIGS. 3 and 4 are views similair to FIG. 2 of the 
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feeder in different operational positions* 
FIG- 5 is an enlarged detail view of a construc- 
tive embodiment of the feeder, 
FIG. 6 is an axial cross-sectional view of a 
low-frequency sound generator according to the 
Invention of a somewhat modified embodiment, a 
pressurized gas supply and control system being 
shown diagrammatical ly, and 
FIG. 7 is a fragmentary side view, partly an 
axial cross-sectional view of a farther modified 
embodiment of the low-frequency sound generator 
according to the invention. 

The sound generator shown in FIGS. 1 to 4 comprises 
a tube 10 of a uniform diameter over the entire length 
thereof said tube being open at one end, indicated at 
II, and closed at the other end, indicated at 12. A 
tube having open and closed ends operates as a resonator 
so that standing sound waves can be generated therein. 
These standing sound waves having an antinode at the 
open end and a node at the closed end of the resonator 
tube must satisfy the condition 

I = X (2n + l}/4 (1) 
where I = the length of the resonator tube 

X * the wave length of the standing wave, and 

n - 0, 1, 2, 3 

The sound wave the wave length of which is one 
fourth of the length of the resonator tube (z = x/4, 
i.e. n = 0) is designated the fundamental tone the 
other sound waves being designated the first harmonic, 
the second harmonic, etc. In the present case it is 
assumed that the resonator tube 10 has a length which 
equals one fourth of the .frequency to be generated by 
the sound generator. 

The standing sound waves provide a varying air 
pressure in the resonator tube the largest pressure 
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amplitude arising in the closed end of the resonator 
tube. 

The sound frequency and the wave length are inter- 
related according to 
5 f « c/X (2) 

where f = the sound frequency 

c = the propagation rate of the sound wave, and 
X = the wave length. 
When a fundamental tone 1s being generated in a 
10 resonator tube having open and closed ends the relation- 
ship 

f - c/4£ (3) 
applies according to the above-mentioned relationships 
(1) and (2). 

15 In air of the temperature 20°C the propagation rate 

of the sound wave is 340 m/sec. Applying the above- 
-mentioned relationship (3) e.g. to a resonator tube hav- 
ing a length of 5 m* the frequency of the fundamental 
tone therein will be 

20 f = 340/4.5 

a frequency f = 17 cps being obtained accordingly. Thus, 
sound could be generated in a resonator tube having a 
length of 5 ro by supplying air pulses of the frequency 
17 cps. If the temperature in the resonator tube is 

25 changed, also the propagation rate of the sound wave 
will be changed providing a change in the frequency 
according to the above-mentioned relationship (3). 

In the closed end 12 there is provided a feeder 13 
controlling the supply of pressurized gas (operating 

30 gas) to the sound generator* and usually pressurized 
air is supplied although other gases can of course be 
used such as inert gases. 

In the embodiment according to FIGS. 1 to 4 the 
feeder 13 comprises a stationary part 14 formed as a 

35 cylinder joined concentrically to the resonator tube 
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but having a smaller diameter than said tube. A movable 
part 15 Is arranged for axial displacement in the 
stationary part said movable part being formed as a 
sleeve-type slide having a control opening 16. On the 
stationary part 14 two compartments 17A and 17B are 
arranged, the compartment 17A being connected to a 
suction fan as marked by the symbol at 18A, and the 
compartment 17B being connected to a pressure fan as 
Indicated by the symbol at 16B, so that a pressure 
above and below the atmospheric pressure, respectively, 
can be maintained 1n said compartments. Each compart- 
ment has an opening igA and lgB, respectively, to be 
connected through this opening with the interior of the 
slide 15 through the control opening 16 thereof in 
dependence on the actual axlally displ aced- posi tion of 
the slide 15. 

The slide 1s connected to a membrane 2C *iich is 
secured to the resonator tube in the closed end thereof 
and is displaceable against the bias of a compression 
spring 21 in dependence on the pressure in the closed 
end of the resonator tube, said pressure acting over 
the membrane 20. In a position of equilibria* shown in 
FIG. 2, In which the pressure 1n the closes end of the 
resonator tube is as large as the surrounding pressure, 
the slide 15 should be In a position wherein the com- 
partment 17A is disconnected from the resonator tube 10 
due to the fact that the communication through the 
opening igA and the control opening 16 Is interrupted, 
the compartment 17B, however, communicating with the 
Interior of the slide through the opening 193 and the 
control opening 16 and thus with the interior of the 
resonator tube through a narrow opening 22. 

Pressurized air (or another gas) accordingly can 
pass through the narrow opening 22 from the compartment 
17B via the slide 15 Into the resonator tube 10, and when 
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air is passing through the feeder and the resonator 
tube low-frequency sound will be generated by 
turbulence and friction of the air flow. 

The sound thus generated acts on the closed end 
5 12 of the resonator tube 10 at a varying pressure and 
the pressure variations thus produced in the resonator 
tube provide a reciprocating axial movement of the 
membrane 20 and accordingly of the slide 15 at a 
frequency which equals the frequency of the fundamental 

10 tone said latter frequency being dependent on the 

length {£) of the resonator tube 10 as explained above. 
One condition that must be fulfilled if this movement 
is to be induced is, however, that the movable part of 
the feeder 13 has a natural frequency between the 

15 frequency of the fundamental tone and the frequency 
of the first harmonic. 

When the sound pressure in the closed end of the 
resonator tube is at maximum (above the atmospheric 
pressure) the movable slide 15 will be displaced to 

20 the right against the bias of the spring 21 to the 

position shown in FIG. 3 the passage area between the 
compartment 17B and the resonator tube being increased t 
which means that the pressure in the closed end of the 
resonator tube will be increased. When the sound 

25 pressure is at minimum (below the atmospheric pressure) 
the slide 15 is displaced to the left to the position 
shown in FIG. 4 so that the passage between the resonator 
tube and the compartment 178 will be closed and 
communication will be provided between the resonator tube 

30 and the compartment 17A, which means that the pressure 
in the closed end of the resonator tube will be further 
reduced. 

Thus, it will be seen that at the start of the sound 
generator when the movable part of the feeder (the 
35 membrane 20 and the slide 15) is at rest in the position 



6 



0006833 



of equilibrium thereof according to FIG. 2 and the 
fans 18A and 18B have just been started, a faint low- 
-frequency sound will be generated in the resonator 
tube 10 by the air flow. This sound provides an 
5 oscillating movement of the novable part; the sound 

pressure in the resonator tube will increase to reach, 
after a certain period, a continuing condition wherein 
an intense low-frequency sound is generated in the sound 
generator. 

10 The operation principally will be the same if the 

compartment 17A is dispensed with. In the constructive 
embodiment according to FIG. S this is the case. The 
membrane 20 is clamped against O-rings 23 between a 
shoulder 24 in the rear end of the resonator tube 10 

15 and a bushing 26 secured by means of an end cover 25 

mounted by screws. The space 27 behind the membrane 20 
is vented to the atmosphere through cylindrical sockets 
28 on the end cover 25. These sockets are covered by 
cylindrical caps 29 each socket and the associated cap 

20 forming a labyrinth passage 30 which provides free 

communication between the space 27 and the surrounding 
atmosphere dirt being prevented from entering said 
space. 

A pipe 31 is connected to the end cover 25 the 
25 outer end 32 of said pipe being adapted to be connected 
to the fan 18B or other source of pressurized gas while 
the remaining part of the pipe forms a socket 33 project- # 
ing freely into the resonator tube. The slide 15 secured 
centrally to the membrane 20 is displaceably guided on 
30 this socket which is closed at the inner end thereof 

where the socket forms transverse bores 34 so that the 
slide controls at the edge 35 thereof the communication 
between the source of pressurized gas and the interior 
of the resonator tube 10 through the bores 34 correspond- 
35 ing to the opening 19B in FIGS. 2 to 4. The operation in 
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this case is the same as that described with reference 
to FIGS. 1 to 4 but there is obtained a resulting gas 
flow through "the resonator tube, which In some cases 
is of no significance and in other cases can be aimed 
5 at* A spring can be provided at the right side of the 
membrane 20, corresponding to the spring 21, but the 
slide 15 can also be returned by the inherent spring 
action of the membrane only. 

If the resonator tube 10 of the sound generator 

10 is inserted into a space such as a boiler or furnace 

wherein the pressure 1s above or below the surrounding 
atmospheric pressure, a static pressure difference 
over the membrane 20 will be obtained if the space 27 
is connected to the surrounding atmosphere in the manner 

15 shown in FIG. 5. As a consequence thereof, the position 
of equilibrium of the membrane and accordingly also the 
position of equilibrium of the slide 15 will be changed, 
and this must be compensated for by a corresponding 
change of the position of the slide. FIG. 6 discloses an 

20 embodiment wherein such compensation is provided. In 
this case the arrangement for venting the space 27 
through the sockets 28 and the passages 30 has been 
dispensed with and the space 27 communicates through a 
pipe 36 with the mouth of the resonator tube 10. Accord- 

25 ingly, there will always be the same static pressure at 
the two sides of the membrane 20. Due to the fact that 
the pipe 36 opens Into the mouth of the resonator tube 
10 where the sound pressure has a node the pressure in 
the space 27 will not be affected by the sound pressure 

30 in the resonator tube and therefore the sound generator 
according to FIG. 6 can be connected to spaces wherein 
a pressure above or below the atmospheric pressure is 
maintained without any inconvenience. 

Since there 1s no direct communication between the 

35 space 27 and the surrounding atmosphere in the embodiment 
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according to FIG. 6 and said space accordingly can be 
considered as closed the air body in the space 27 forms 
a spring behind the membrane 20 said spring action being 
added to the inherent spring action of the membrane and 
5 actuating the natural frequency of the movable system. 
It 1s desired to use a thin membrane in the sound 
generator according to the Invention, but the thinner 
the membrane the lower the spring rate. If the membrane 
is made too thin, the spring rate may be too low in 

10 relation to the mass of the membrane, which provides a 
too low natural frequency. Moreover, it is difficult to 
manufacture thin membranes which have the same spring 
rate in both directions. The air cushion in the embodi- 
ment according to FIG. 6 makes possible to use a 

15 membrane having a lower spring rate and moreover the 

air cushion has the same spring properties whether the 
membrane moves outwards or inwards* Although a thinner 
membrane per se has different properties In the two 
directions this will no longer affect the spring rate 

20 of the total system to the same extent as when no air 
cushion is provided, due to the fact that the spring 
action of the membrane provides a minor part only of 
the total spring action. E.g. it can be mentioned that 
a membrane having a thickness of 1.5 ram in a practical 

25 embodiment of the sound generator according to FIG. 5 
has a spring rate of about 40,000 N/m while the air 
cushion in the space 27 of the embodiment according to 
FIG. 6 if said space has a volume of 24 litres will 
actuate the membrane by a spring action corresponding 

30 to a spring rate of the membrane of about 30,000 N/m. 

If the total spring rate should be about 40,000 N/m the 
membrane per se thus has to contribute to a minor extent 
to said spring rate. 

FIG. 6 discloses a further refinement in the sound 

35 generator according to the invention, viz, a pneumatic 
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pulsator 38 which is connected to the space 27. When 
the sound generator is used e.g. for sooting boilers* 
furnaces and processing apparatuses it is the intention 
that it should be operated intermittently and in that 

5 case it may happen that the sleeve-type slide 15 when 
it has been at rest and is to be operated again, jams 
on the socket 33 particularly if the sound generator 
is being used in a corrosive environment so that the 
faint sound pressure produced by the passage of the 

10 pressurized air through the narrow openings uncovered 
at the transverse bores 34 said openings being of the 
order 1 mm will not be sufficient to overcome the rest 
friction of the movable system and to start the mem- 
brane movement. Then, the pulsator 38 can be used for 

15 starting the sound generator by supplying to the space 
27 blows of pressurized air of substantially the same 
frequency as the fundamental tone of the sound generator 
said air blows actuating the membrane 20. 

FIG. 6 discloses in more detail the equipment 

20 associated with the sound generator according to the 

invention. Pressurized air is supplied from a suitable 
source of pressurized air at 39 to a conduit 40 via a 
solenoid valve 41 as well as a conduit 42 via a solenoid 
valve 43 said conduit 40 extending to the feeder of the 

25 sound generator and being connected to the end 32 while 
the said conduit 42 extends to the pulsator 38. Over the 
solenoid valve 41 there is provided a choked shunt 44 
for a purpose to be described. 

A timer 45 is connected to the mains at 46 and the 

30 electric connections from this timer are indicated by 

dash lines. It will be seen that the timer is connected 
to the two solenoid valves 41 and 43 to control the 
supply of pressurized air to the sound generator and the 
pulsator, respectively. As mentioned above, the sound 

35 generator usually is operated intermittently and the 
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operating and rest periods are adjusted by means of 
the timer 45 the valve 41 being opened during the 
operating period. During the rest period when the valve 
41 1s closed a minor air flow is supplied to the sound 
5 generator through the shunt 44 and this reduced air 
supply is provided in order to cool the slide 15 and 
the membrane 20 and also 1n order to protect the slide 
and the socket 33 from dust. Moreover, this supply of 
air maintains a slight movement of the membrane 20 

10 facilitating the start of the sound generator so that 
the sound generator which is self-starting per se, will 
operate immediately when the valve 41 is opened without 
assistance of the pulsator 38 although the sound 
generator is being used in a corrosive environment where 

15 there is a risk of the slide 15 getting stuck or jamming 
if the membrane 20 is completely immobilized during the 
rest periods. A probe 47 is located 1n the space 27 to 
sense the movement of the membrane 20 and thus to check 
that the membrane 20 is moving when the sound generator 

20 is operated with the valve 41 in opened position. If 

this probe does not sense a movement of the membrane a 
signal lamp 48 will be illuminated. Then, the pulsator 
36 can be energized by opening the solenoid valve 43 
over a switch 49 associated with said lamp so that the 

25 necessary assistance for starting the sound generator 
will be provided. 

In the embodiment according to FIG. 7 the conduit 
40 is provided for supplying pressurized air to the sound 
generator proper as well as the pulsator 38 which is 

30 located together with the solenoid valve 43 in the space 
27 in this embodiment. The conduit 40 is connected to a 
distributor 50 from which the pressurized air can be 
supplied to the pulsator 38 via the solenoid valve 43 
and also to a surge tank 51 via a solenoid valve 52, 

35 the tank as well as the solenoid valve being located in 
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the space 27. From the tank 51 there is provided a 
connection 53 to the socket 33. When the sound generator 
is operated the solenoid valve 52 is open and the ? 
pressurized air for operating the sound generator thus 
5 passes through the tank 51. An equilization of the 
pulsation of the pressurized air will be obtained 
thereby so that a smaller dimension of the conduit 40 
can be used than if said conduit is connected directly 
to the socket 33. 

10 Pressurized air can be supplied to the tank 51 

from the distributor 50 also via an adjustable choke 
valve 54 through a connection between the distributor 
50 and the tank 51, said connection being parallel to 
the connection via the solenoid valve 52. During the 

15 rest periods when the solenoid valve 52 is closed the 

membrane 20 and the slide 15 are kept moving by a choked 
air flow passing into the tank 51 and then to the socket 
33. This arrangement thus replaces the shunt 4- in the 
embodiment according to FIG. 6. 

20 In FIG. 7 the feeder is mounted as a separate unit 

10' to the resonator tube 10 and the same arrangement 
can be provided in the embodiments according to FIGS. 
5 and 6. 

In the embodiments described the sleeve-type slide 
25 15 is connected mechanically directly to the membrane 20 
but it is also possible to provide the connection between 
the membrane and the slide by means of an electric, 
pneumatic or hydraulic transmission between these two 
elements. Furthermore, the mechanical feeder described 
30 herein, which includes a membrane, can be replaced by 
an electro-mechanical unit, a microphone e.g. being 
located in the rear end of the resonator tube to sense 
the pressure variations of the standing wave and » 
solenoid valve controlling the supply of pressurized air 
35 to the resonator tube (or the evacuation of said tube) 
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1s controlled directly or indirectly concurrently with 
the pressure variations of the standing wave, over a 
band pass filter. 

In the embodiments described the slide 15 1s 
returned by the Inherent spring action of the membrane 
20 only or by this spring action combined with the air 
spring action in the space 27, but it is also possible 
to arrange a mechanical spring at the right side of the 
membrane 20 corresponding to the spring 21 in FIGS. 2 
to 4, as mentioned above. 

A tube forms a simple and cheap resonator but 1t 
can be replaced by other resonators, e.g. a horn or a 
Helmholtz resonator. 
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1 CLAIMS 

1. Low-frequency sound generator comprising an 
open resonator (10) and a feeder (13) for valve-con- 
trolled supply of pressurized gas pulses to the res- 

5 onator characterl zed by means (20) for 
positive feedback of the sound pressure In the res- 
onator to the feeder only at a predetermined fre- 
quency of the resonance frequencies of the resonator. 

2. Low-frequency sound generator according to 
10 claim Icharacterizedin that the feed- 
back means comprises a membrane (20) in the resonator 
(10) said membrane being connected to a movable valve 
member (15) in the feeder (13). 

3. Low-frequency sound generator according to 

15 claim 2characterizedin that the membrane 
(20) is connected mechanical ly, electrically, hydrau- 
lically or pneumatically to the valve member (15). 

4. Low-frequency sound generator according to 
claim 2 or 3, c h a r a c t e r 1 zed in that the 

20 natural frequency of the movable system comprising the 
membrane (20) and the parts connected thereto is higher 
than the frequency of the fundamental tone of the 
resonator (10) but lower than the frequency of the 
first harmonic. 

25 5. Low-frequency sound generator according to any 

of claims 2 to Characterized in that the 
valve member (15) comprises a sleeve-type slide which 
as far as the position thereof is concerned is unaf- 
fected by the pressurized gas. 

30 6. Low-frequency sound generator according to any 

of claims 2to5characterizedin that the 
valve member (15) is arranged to maintain in the rest 
position of the membrane (20) a narrow opening (22) 
in the feeder said opening being adjusted for pro- 

35 ducing sound in the resonator (10) at the supply of 
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pressurized gas. 

7. Low-frequency sound generator according to any 
of claims 2 to ^characterized in that a 
space (27) is defined in the resonator (10) between 
the membrane (20) and an end wall (25) provided be- 
hind the membrane. 

8. Low-frequency sound generator according to any 
of claims lto7characterizedin that the 
resonator (10) comprises a resonator tube open at one 
end the feeder (13) and the feedback means (20) being 
arranged at the other end of the resonator tube, 

9. Low-frequency sound generator according to any 
of claims lto7characterizedin that the 
resonator comprises a Helroholtz resonator. 

10. Low-frequency sound generator according to 
claim 7characterizedin that said space 

» 

(27) communicates with the surrounding atmosphere. 

11. Low-frequency sound generator according to 
claim 10 characterized in that the com- 
munication between said space and the surrounding 
atmosphere is provided through one or more external 
sockets (28) on the rear end wall (25) the outer ends 
of said sockets being covered by caps (29) which form 
a labyrinth passage (30) together with the sockets. 

12. Low-frequency sound generator according to 
claim 10 characterized in that said space 
(27) communicates with the open end of the resonator 
tube (10) through a conduit (36). 

13. Low-frequency sound generator according to 
claim 7characterizedin that a pulsator 
(38) is connected to said space (27) for generating 
blows of pressurized gas in the space at a frequency 
which is substantially the same as the frequency of 
the sound generator. 

14. Low-frequency sound generator according to 
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claim 7character1zedbya probe (47) for 
indicating the operational condition of movement or 
rest of the membrane (20). 

15. Low-frequency sound generator according to 
claim 2characteri zed by a tank (51) in 
the feeder for supplying the pressurized gas to the 
movable valve member (15) through said tank. 

16. Low-frequency sound generator according to 
claim 2 or 15 characterized in that the 
feeder comprises valve means (41; 52) for supplying 
a flow of pressurized gas to the resonator (10) al- 
ternatively directly or through choke means (44; 54). 
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